We review our studies of the biological impact of magnetic field strengths up to 30 Tesla on transgenic arabidopsis plants engineered with a stress response gene consisting of the alcohol dehydrogenase (Adh) gene promoter driving the β-glucuronidase (GUS) gene reporter. Field strengths in excess of 15 Tesla induce expression of the Adh/GUS transgene in the roots and leaves. Microarray analyses indicate that such field strengths have a far reaching effect on the genome. Wide spread induction of stress-related genes and transcription factors, and a depression of genes associated with cell wall metabolism are prominent examples.
Motivation
Since earth-based, low-gravity environments are restricted to durations of less than several seconds [1] , we have investigated the possibility of using magnetic levitation as a reduced gravity environment appropriate for long-duration (i.e. up to several hours) studies of plant gene expression [2, 3] . The possibility of using magnetic levitation to mimic a reduced gravity environment has been explored in a variety of systems [3] [4] [5] [6] [7] . During our preliminary studies involving transgenic arabidopsis, we discovered that the plants were stressed by the presence of a strong, static, non-gradient magnetic field [2] . These preliminary, qualitative observations have now been corroborated by a series of systematic, quantitative studies [8] .
The possibility that strong, static (non-gradient) magnetic fields might have an influence on biological processes has been discussed for many years [9] [10] [11] , including a recent report that implicates high magnetic fields in alterations of the cleavage plane during cell division [12] . Nevertheless, the common viewpoint is that presently achievable static magnetic fields do not have a lasting effect on biological systems [11] . Indeed, magnetic resonance imaging (MRI), utilizing static magnetic fields up to 12 Tesla, is a powerful tool for non-invasive in vivo imaging at the molecular level [13] [14] [15] . The demands for more precise in vivo imaging have driven the field strengths progressively higher (approaching 20 Tesla) [16] , yet information regarding the biological impact of exposing metabolically active cells to fields of this magnitude is limited. We have recently reported about the effect of high magnetic fields on the gene expression profile of the plant Arabidopsis (Arabidopsis thaliana) [8] .
The Plants
Our research efforts employ transgenic Arabidopsis that had been engineered with a gene reporter shown to be induced by a spaceflight environment (TAGES -Transgenic Arabidopsis Gene Expression System) [17] . The TAGES Arabidopsis plants are engineered with the GUS (β-glucuronidase) reporter gene driven by the alcohol dehydrogenase (Adh) gene promoter [17] . The Adh promoter responds to a variety of environmental stresses (e.g. hypoxia, cold, abcissic acid) [18] , which in turn initiates transcription of the GUS reporter gene. GUS expression can be monitored qualitatively, by histochemical staining, and quantitatively, by biochemical assays of the gene product. The magnetically levitated plants showed evidence of reporter gene activation, however, the control plants placed in the static magnetic field (19 Tesla) showed similar patterns of transgene expression [2] .
These observations lead to the design of additional experiments using transgenic plants as biomonitors of the effects of high magnetic fields in metabolically active tissues. The evaluation of global changes in the Arabidopsis genome in response to exposure to high magnetic fields was facilitated with the Affymetrix ® GeneChip ® arrays. These arrays allow for the survey of over 8000 genes at a time and were used for genome-wide characterization of the effects of exposing Arabidopsis plants to a field strength of 21 Tesla. The resulting differential patterns of gene expression from the array data were then used to guide quantitative analyses of gene expression with Real-Time, quantitative RT PCR. This approach is an effective means of characterizing an abiotic stress response [19] .
Results and Discussion
Of the 8000 genes surveyed, there were 112 genes that were differentially expressed to a degree greater than 2.5 fold over the control, Figure 1 . Many genes associated with a variety of stress responses were induced (heat, cold, drought, touch), as were genes encoding proteins that are involved with ion transport functions (chloride, sulfate, ammonium). The down regulated set included a number of genes involved in cell wall biosynthesis (e.g. Xtr7). A final, large category is populated by genes that encode transcription factors (e.g. Athb12). Additional experiments are under development to address the mechanism by which high magnetic fields induce changes in gene expression patterns in Arabidopsis.
In conclusion, magnetic fields above 15 Tesla induce gene expression responses in Arabidopsis plants, and a detailed presentation of our work is given elsewhere [8] . These data provide evidence for the perturbation of metabolic processes in the presence of strong magnetic fields and may be useful for guiding future research aimed at determining safe exposure standards for living organisms. 
